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PHASE  1  UP  PORT 
MAT  I  O.N'AI.  DAM  SAFETY  PROCRAM 
SUMMARY 


Name  of  Dam:  Duck  Creek  State  Wildlife  Refuge  -  Pond  2 
State  Located:  Missouri 
County  Located:  Stoddard 
Stream:  None 

Date  of  Inspection:  October  9,  198u 


Duck  Creek  Sta  e  Wildlife  Refuge  -  Pond  2  was  inspected 
by  an  interdisciplinary  team  of  eng  ineers^yf  rom  Anderson  Eng¬ 
ineering,  Inc.  of  Springfield,  Mi* soup-i— 'ffnd  Hanson  Engineers, 
Inc.  of  Springfield,  Illinois.  ^The  purpose  of  this  inspection 
was  to  make  an  assessment  of  the  general  condition  of  the  dam 
with  respect  to  safety,  based  upon  available  data  and  visual 
inspection,  in  order  to  determine  if  the  dam  poses  hazards  to 
human  life  or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by 
the  Department  of  thc'Army,  Office  of  the  Chief  of  Engineers, 
and  they  have  been  developed  with  the  help  of  several  federal 
and  State  agencies,  professional  engineering  organizations, 
and  private  engineers.  Based  on  these  guidelines,  the  St. 
Louis  District,  Corps  of  Engineers  lias  determined  that  this 
dam  is  in  the  significant  hazard  potential  classification, 
which  means  that  some  loss  of  life  and  appreciable  property 
loss  could  occur  if  the  dam  fails.  The  estimated  damage  zone 
extends /approximately  one  mile  downstream  of  the  dam.  Located 
within/this  zone  are  the  town  of  Kinder  (few  dwellings)  and 
Highwa/y  51. 

/The  dam  is  in  the  intermediate  size  classification,  since 
the  ^torage  capacity  is  greater  than  1,000  Acre-ft. 


Our  inspection  and  evaluation  indicates  that  the  spillways 
do  not  meet  the  criteria  set  forth  in  the  guidelines  for  a  dam 
having  the  above  size  and  hazard  potential.  The  spillways  will 
pass  40  percent  of  the  Probable  Maximum  flood  without  over¬ 
topping.  The  Probable  Maximum  Flood  is  defined  as  the  flood 
discharge  that  may  be  expected  from  the  most  severe  combina¬ 
tion  of  critical  meteorologic  and  hydrologic  conditions  that 
arc  reasonably  possible  in  the  region.  The  guidelines  require 
that  a  dam  of  intermediate  size  with  a  significant  downstream 
hazard  potential  pass  50  to  100  percent  of  the  PMF.  Considering 
the  small  height  of  the  dam,  the  low  storage  capacity,  and  the 
short  duration  of  permanent  water  impoundment,  50  percent  of  the 


PMF  has  been  determined  to  be  the  appropriate  spillway  design 
flood.  The  100-year  flood  (1  percent  probability  flood)  will 
not  overtop  the  dam.  The  1  percent  probability  flood  is  one 
that  has  a  1  percent  chance  of  being  exceeded  in  any  given 
year. 

^e  embankment  was  in  good  condition.  A  deficiency  vis¬ 
ually  observed  by  the  inspection  team  was:  The  thick  growth 
of  trees  on  the  embankment  slopes. 

Another  deficiency  was  tie  lack  of  seepage  and  stability 
analysis  records. 

It  is  recommended  that  the  owners  take  the  necessary 
action  to  correct  the  deficiencies  reported  herein.  A  detailed 
discussion  of  these  deficiencies  is  included  in  the  following 
report . 


Steven  LT  Brady,  pTe. 
Anderson  Engineering,  Tnc" 


Tom  R.  Beckley7  P.E.  \ 
Anderson  Engineering,  Inc 


Gene  Wertepny;  P.'E. 
Hanson  Engineers,  Inc, 


Dan  Kerns T/PT E . 

Hanson  Engineers,  Inc. 
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l’RO.J  lid'  INFORMATION 


1.1  GFNHRAL: 


A.  Authority: 


The  National  Dam  Inspection  Act,  Public  Law  92-567, 
authorized  the  Secretary  of  the  Army,  through  the  Corps 
of  Hngineers,  to  initiate  a  program  of  safety  inspection 
of  dams  throughout  the  United  States.  Pursuant  to  the 
above,  the  St.  Louis  District,  Corps  of  Hngineers,  Dis¬ 
trict  Lngineer  directed  that  a  safety  inspection  be  made 
of  Duck  Creek  State  Wildlife  Refuge  -  Pond  2  in  Stoddard 
County,  Missouri. 

B .  Purpose  of  1 nspec t ion : 

The  purpose  of  the  inspection  was  to  make  an  assessment 
of  the  general  condition  of  the  dam  with  respect  to  safety, 
based  upon  available  data  and  a  visual  inspection  in  order 
to  determine  if  the  dam  poses  hazards  to  human  life  or 
property. 

C .  b valuation  Crit c r i a : 

Criteria  used  to  evaluate  inc  dam  were  furnished  by 
the  Department  of  the  Army,  Office  of  the  Chief  of  iing- 
incers,  "Recommended  Guidelines  for  Safety  Inspection  of 
Dams,  Appendix  D."  These  guidelines  were  developed  with 
the  help  of  several  federal  agencies  and  many  state  agen¬ 
cies,  professional  engineering  organizations,  and  private 
engineers. 

1.  2  PP.SCRI  PT10N  OP  PRODUCT  : 

A.  I)e  script  ion  of  Dam  and  Appurtenances  : 

Duck  Creek  State  Wildlife  Refuge  -  Pond  2  is  an  earth 
fill  structure  approximately  8  ft  high  and  24,738  ft  long  at 
the  crest.  The  pond  was  constructed  on  a  relatively  flat 
plain,  Mingo  Swamp,  with  the  pool  area  completely  enclosed 
within  the  embankment.  The  appurtenant  work  consists  of  a 
36  in.  diameter  corrugated  metal  inlet  pipe  with  gate  and  a 
36  in.  and  two  24  in.  diameter  corrugated  metal  outlet  pipes 
with  gates. 

Sheets  3  through  10  of  Appendix  A  show  a  plan,  profile, 
and  typical  sections  of  the  embankment. 


1 


B. 


Locat ion: 


The  dam  is  located  in  the  northwestern  part  of  Stoddard 
County,  Missouri  in  the  Duck  Creek  State  Wildlife  Refuge. 

The  dam  and  lake  are  within  the  Sturdivant,  Missouri  7.5  min¬ 
ute  quadrangle  sheet  (Section  4,  T27N,  R9H  -  latitude  37°01.3; 
longitude  90°05.5).  Sheet  2  of  Appendix  A  shows  the  general 
vicinity. 

C.  Size  Classification: 

With  an  embankment  height  of  8  ft  and  a  maximum  storage 
capacity  of  approximately  1,290  acre- ft,  the  dam  is  in  the 
intermediate  size  category. 

D.  Hazard  Classification: 

The  St.  Louis  District,  Corps  of  Engineers  has  determined 
that  this  dam  is  in  the  significant  hazard  potential  classifica¬ 
tion.  The  estimated  damage  zone  extends  approximately  one  mile 
downstream  of  the  dam.  Located  within  this  zone  are  the  town 
of  Kinder  (few  dwellings)  and  Highway  51.  The  affected  features 
located  within  the  potential  damage  zone  were  field  verified  by 
the  inspection  team. 

H.  Ownership: 

The  dam  is  owned  by  the  Missouri  Department  of  Conservation. 
The  owner's  address  is  P.  0.  Box  180,  Jefferson  City,  Missouri 
65102.  A  district  office,  Duck  Creek  Wildlife  Management  Area, 
is  located  adjacent  to  the  pond  area.  Mr.  Dave  Shaffer  is  the 
Area  Manager  of  the  office. 

E.  Purpose  of  Dam: 

The  dam  was  constructed  primarily  for  a  state  -  operated 
wildlife  refuge  area. 

G.  Design  and  Construction  History : 

The  dam  was  designed  by  the  Missouri  Department  of  Conserva¬ 
tion  in  1951  and  1952.  The  plans  included  details  for  Pond  1, 
Pond  2,  and  Pond  3.  The  details  provided  for  Pond  2  consisted 
of  typical  outlet  pipes  with  gate  valves.  Information  regarding 
the  embankment  section  and  profile  was  not  available.  Design  and 
construction  data  were  obtained  from  conversations  with  the  Area 
Manager,  Mr.  Dave  Shaffer.  The  dam  was  constructed  in  1953  by 
the  work  force  of  the  Missouri  Department  of  Conservation.  The 
borrow  material  was  obtained  from  the  levee  system  constructed 


adjacent  to  the  lake.  The  levee  system  encompasses  the  embank¬ 
ment  area  except  for  the  northeastern  part  of  the  lake.  The 
levee  system  consist  of  an  embankment  and  drainage  ditch  along 
the  northern  boundary,  along  the  western  boundary  between  Pond 
1  and  Pond  2,  and  along  the  eastern  and  southern  boundary  of 
Pond  2.  The  levee  embankment  height  varies  from  equal  eleva¬ 
tion  with  Pond  2  embankment  on  the  east,  to  a  maximum  of  4  ft 
above  the  Pond  2  embankment  elevation  on  the  west.  The  levees 
were  designed  to  carry  upland  flow  and  directional  outflow  from 
Ponds  1,  2,  and  3. 

No  design  data  regarding  the  embankment  were  available. 

The  slopes  of  the  downstream  and  upstream  are  generally  1 
vertical  on  2  horizontal. 

H.  Normal  Operating  Procedures: 

Normal  rainfall,  evaporation,  the  inlet  pipe  from  Pond  1, 
and  the  gate  controlled  outlet  pipes  are  used  to  control  the 
water  surface.  The  pond  is  normally  filled  from  Pond  1  start¬ 
ing  in  September  or  October  of  each  year,  dependant  upon  the 
water  level  of  Pond  1.  The  normal  pool  elevation  341.5  is 
maintained  until  the  end  of  December  when  the  gates  are  opened 
and  the  pond  allowed  to  drain. 

1.3  PERTINENT  DATA: 


Pertinent  data  about  the  dam,  appurtenant  works,  and  re¬ 
servoir  are  presented  in  the  following  paragraphs.  Sheets  3 
through  10  of  Appendix  A  present  a  plan,  profile,  and  typical 
section  of  the  embankment. 

A.  Drainage  Area: 


The  drainage  area  for  this  dam,  as  obtained  from  the 
U.S.G.S.  quad  sheet,  is  approximately  712  acres  (enclosed 
within  the  embankment  area). 


R.  Discharge  at  Dam  Site : 

(1)  All  discharge  at  the  dam  site  is  through  the  controlled 
spillway  outlet  pipes. 

(2)  Estimated  Total  Spillway  Capacity  at  Maximum  Pool  (Top 

of  Dam  -  El.  342.4):  124  cfs 


(3)  Estimated  Capacity  of  Principal  Spillways:  124  cfs 

(4)  Estimated  Capacity  of  Emergency  Spillway:  Not  Applicable 


(5)  Estimated  Experience  Maximum  Flood  at  Dam  Site:  Unknown 

(6)  Diversion  Tunnel  Low  Pool  Outlet  at  Pool  F.levation: 

Not  Applicable 

(7)  Diversion  Tunnel  Outlet  at  Pool  Plevation:  Not  Applicable 

(8)  Gated  Spillway  Capacity  at  Pool  Plevation:  Not  Applicable 

(9)  Gated  Spillway  Capacity  at  Maximum  Pool  Plevation:  Not 
Applicable 

C.  Elevations: 

All  elevations  are  consistent  with  an  assumed  mean  sea  level 
elevation  of  347.2  for  top  of  concrete  structure  for  the  inlet 
pipe  at  Station  0  +  00.  (Elevation  obtained  from  plans  for  Pond 
1  and  the  Phase  I  Inspection  Report  for  Pond  1  dated  March  1980. j 

(1)  Top  of  Dam:  342.4  MSL  (low  point  of  dam  and  adjacent 
levee  embankment) 

(2)  Principal  Spillway  Outlet  Pipes  (Inverts  at  Inlets): 

24  in.  Pipe  -  Station  12  +  20,  Elevation  337.2 

24  in.  Pipe  -  Station  66  +  00,  Elevation  333.8 

36  in.  Pipe  -  Station  213  +  38,  Elevation  336.2 

(3)  Emergency  Spillway  Crest:  Not  Applicable 

(4)  Principal  Spillway  Outlet  Pipes  (Inverts  at  Outlets): 

24  in.  Pipe  -  Station  12  +  20,  Elevation  336.3 

24  in.  Pipe  -  Station  66  +  00,  Elevation  333.0 

56  in.  Pipe  -  Station  213  +  38,  Elevation  333.3 

(5)  Plain  Elevation  at  Centerline  of  Dam:  354.0  MSL 

(6)  Pool  on  Date  of  Inspection:  339.9  MSL  Normal  Pool  341.3  MSI 

(7)  Apparent  High  Water  Mark:  Unknown 

(8)  Maximum  Tailwater:  Not  Applicable 

(9)  Upstream  Portal  Invert  Diversion  Tunnel:  Not  Applicable 

(10)  Downstream  Portal  Invert  Diversion  Tunnel:  Not  Applicable 


D. 

Reservoir  Lengths: 

(1) 

At 

Top  of  Dam:  8,010  ft 

(2) 

At 

Emergency  Spillway  Crest: 

Not  Appl icable 
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(3)  At  Normal  Pool  Elevation:  8,000  ft 

E.  Storage  Capacities: 

(1)  At  Top  of  Dam:  1,290  Acre-ft 

(2)  At  F.mergency  Spillway  Crest:  Not  Applicable 

(3)  At  Normal  Pool  Elevation:  650  Acre-ft 

F.  Reservoir  Surface  Areas: 

(1)  At  Top  of  Dam:  712  Acres 

(2)  At  Emergency  Spillway  Crest:  Not  Applicable 

(3)  At  Normal  Pool  Elevation:  709  Acres 

G .  Dam : 

(1)  Type:  Rolled  Earth 

(2)  Length  at  Crest:  24,738  ft 

(3)  Height:  8  ft 

(4)  Top  Width:  13  ft 

(5)  Side  Slopes:  Upstream  IV  on  2H 
Downstream  IV  on  211 

(6)  Zoning:  Apparently  Homogeneous 

(7)  Impervious  Core:  None 

(8)  Cutoff:  Unknown 

(9)  Grout  Curtain:  None 

H.  Diversion  and  Regulating  Tunnel: 

(1)  Type:  Not  Applicable 

(2)  Length:  Not  Applicable 

(3)  Closure:  Not  Applicable 

(4)  Access:  Not  Applicable 

(5)  Regulating  Facilities:  Not  Applicable 
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I .  Spillway : 

1.1  Principal  Spillway  (Outlet  Pipes): 

(1)  Location:  Station  12  +  20,  Station  66  +  00,  and 
Station  213  +  58 

(2)  Type:  Two  24  in.  corrugated  metal  pipes  (CMP)  and  one 
36  in.  corrugated  metal  pipe  with  gates 

(3)  Upstream  Channel:  CMP  extending  into  lake  area 

(4)  Downstream  Channel:  Earth  cut  channel  to  adjacent 
drainage  ditch  paralleling  embankment. 

1.2  Emergency  Spillway: 

(1)  Location:  Not  Applicable 

(2)  Type:  Not  Applicable 

(3)  Upstream  Channel:  Not  Applicable 

(4)  Downstream  Channel:  Not  Applicable 
J.  Regulating  Outlets: 

The  regulating  outlets  associated  with  this  dam  are  the 
slide  gates  for  the  two  24  in.  CMP's  and  for  the  one  36  in. 
CMP. 
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Slid' I  ON  2 


ENGINEERING  DATA 


2.1  DESIGN: 


The  engineering  design  data  consist  of  a  set  of  plans 
and  drawings  for  the  entire  Duck  Creek  Wildlife  Refuge.  The 
plans  obtained  from  the  Missouri  Conservation  Department  were 
primarily  for  the  construction  of  Pond  1  and  the  levee  system 
for  the  refuge.  Reference  was  made  to  Pond  2,  but  no  design 
drawings  were  present  in  the  plans.  No  design  computations 
or  reports  are  available. 

A.  Surveys: 

The  most  recent  survey  conducted  in  the  area  was  for  the 
preparation  of  the  Phase  I  Safety  Inspection  for  Pond  1,  report 
dated  March  1980.  Sheets  3  through  10  of  Appendix  A  present 
a  plan,  profile,  and  cross  section  of  the  dam  from  survey  data 
obtained  during  our  site  inspection.  A  site  benchmark  eleva¬ 
tion  of  347.2  for  the  top  of  the  concrete  structure  at  the  in¬ 
let  gate  pipe,  Station  0+00  was  used.  The  elevation  of  the 
structure  was  obtained  from  the  Phase  I  inspection  of  Pond  1. 

B.  Geology  and  Subsurface  Materials: 

The  Duck  Creek  State  Wildlife  Refuge  -  Pond  2  Dam  is  loca¬ 
ted  near  the  western  edge  of  the  Southeastern  Lowlands  geologic 
region  of  Missouri.  The  area  is  characterized  topographically 
by  its  flatness.  The  dam  is  located  on  the  braided  stream  terr¬ 
ace  deposits  of  the  Pleistocene.  The  underlying  sand  is  the  allu¬ 
vium  of  the  Mississippi-Ohio  River  complex,  while  the  loessial 
sand,  sandy  clay,  and  clay  are  the  McNary  formation  of  the  Cre¬ 
taceous.  The  thickness  of  the  Cretaceous  system  in  southeastern 
Missouri  ranges  from  100  to  250  ft.  Braided  stream  deposits  con¬ 
sist  of  material  eroded  from  the  uplands  to  the  east  of  the  dam 
site.  The  material  has  been  dissected  by  small  streams*  in  the 
area  which  generally  flow  in  a  parallel  direction. 

The  Duck  Creek  State  Wildlife  Refuge  -  Pond  2  Dam  is  a 
rectangular  shaped  structure  which  was  erected  on  a  flat  plain. 

The  embankments  were  constructed  by  using  on-site  material  which 
consisted  of  sands,  silts,  and  clays.  The  surface  material  of 
the  site  is  underlain  by  sand  which  in  turn  is  underlain  by  non¬ 
marine  sand  and  sandy  clay. 

The  publication  "Caves  of  Missouri"  lists  three  caves  known 
to  exist  in  Stoddard  County.  The  closest  cave  is  approximately 
5  miles  east  of  the  site.  The  dam  is  located  in  seismic  zone  3. 
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C.  Foundation  and  Embankment  Design: 

No  foundation  and  embankment  design  information  was  avail¬ 
able.  Seepage  and  stability  analyses  apparently  were  not  per¬ 
formed  as  required  in  the  guidelines.  There  is  apparently  no 
particular  zoning  of  the  embankment,  and  no  internal  drainage 
features  are  known  to  exist. 

D.  Hydrology  and  Hydraulics: 

No  hydrologic  and  hydraulic  design  computations  for  this 
dam  were  available.  The  two  24  in.  and  one  36  in.  diameter 
gated  CMPs  were  considered  to  act  as  the  principal  spillway. 

No  emergency  spillway  section  was  provided  for  the  dam.  Based 
on  a  check  of  the  CMP  spillway  pipes  and  embankment  elevations, 
and  a  check  of  the  drainage  area  on  U.S.G.S.  quad  sheets,  hydro- 
logic  analyses  using  U.  S.  Army  Corps  of  Engineers  guidelines 
were  performed  and  appear  in  Appendix  C,  Sheets  1  to  11. 

E.  Structure: 

The  structures  associated  with  this  dam  include  the  gated 
36  in.  inlet  pipe  structure  and  the  principal  spillway  outlet 
pipes.  The  slide  gates  for  the  three  outlet  pipes  are  located 
in  a  concrete  structure  on  the  lake  side  of  the  embankment. 

2.2  CONSTRUCTION: 

No  construction  inspection  data  have  been  obtained. 

2.5  OPERATION: 


The  normal  pool  elevation  of  541.5  is  maintained  only 
during  the  fall  of  the  year.  Usually  in  September  of  each 
year  the  inlet  gate  from  Pond  1,  located  at  Station  0+00, 
is  opened  to  fill  the  lake  to  elevation  341.5.  The  level  is 
maintained  until  after  the  duck  hunting  season,  latter  jbart 
of  December,  when  the  lake  level  is  lowered  by  the  three  gated 
spillway  pipes. 

2.4  EVALUATION: 


A.  Availability: 

The  engineering  data  available  are  as  listed  in  Section 


2.1. 


Adequacy : 


B. 

The  engineering  data  available  were  inadequate  to  make  a 
detailed  assessment  of  the  design,  construction,  and  operation 
of  this  structure.  Seepage  and  stability  analyses  comparable 
to  the  requirements  of  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"  were  not  available,  which  is  considered  a 
deficiency.  These  seepage  and  stability  analyses  should  be 
performed  for  appropriate  loading  conditions  (including  earth¬ 
quake  loads)  and  made  a  matter  of  record. 

C.  Validity: 

To  our  knowledge,  no  valid  engineering  data  on  the  design 
or  construction  of  the  embankment  are  available.  The  engineering 
data  available  were  principally  for  the  construction  of  Pond  1 
and  the  surrounding  levee  system. 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS: 

A.  General : 

The  field  inspection  was  made  on  October  9,  1980.  The  in¬ 
spection  team  consisted  of  personnel  from  Anderson  Engineering, 
Inc.  of  Springfield,  Missouri  and  Hanson  Engineers,  Inc.  of 
Springfield,  Illinois.  The  team  members  were: 

Steven  L.  Brady  -  Anderson  Engineering,  Inc.  -  Civil  Engineer 
Tom  R.  Beckley  -  Anderson  Engineering,  Inc.  -  Civil  Engineer 
Gene  Wertepny  -  Hanson  Engineers,  Inc.  -  Hydraulic  Engineer 
Dan  Kerns  -  Hanson  Engineers,  Inc.  -  Geotechnical  Engineer 

The  Area  Manager,  Mr.  Dave  Shaffer,  was  to  accompany  the 
inspection  team.  However,  his  services  were  required  elsewhere 
within  the  area  and  no  replacement  personnel  were  available 
during  the  course  of  the  inspection. 

Photographs  of  the  dam,  appurtenant  structures,  reservoir, 
and  downstream  features  are  presented  in  Appendix  D. 

!) .  Dam : 

Pond  2  is  a  unique  dam  and  lake  as  the  impounded  water  is 
completely  enclosed  inside  the  embankment.  On  the  date  of  in¬ 
spection  the  pool  level  was  at  elevation  339.9,  approximately 
1.6  ft  below  desired  elevation.  The  inlet  gate  from  Pond  1  was 
opened  the  middle  of  September  to  allow  flow  into  Pond  2. 

The  embankment  appeared  to  be  in  good  condition.  The  gravel 
covered  crest  of  the  embankment  was  well  maintained,  with  a  width 
of  13  f t . 

• 

The  vertical  alignment  of  the  crest  was  generally  good, 
with  some  irregularities  of  the  profile  observed  (See  Sheets 
4  and  5  of  Appendix  A) . 

Embankment  slopes  on  the  upstream  and  downstream  slopes 
were  IV  on  211.  The  upstream  slope  was  generally  tree  covered, 
varying  from  scattered  to  a  dense  growth.  The  downstream  slope 
varied  from  light  tree  and  brush  growth  to  dense  growth. 

A  navigation  channel  about  50  ft  wide  had  been  cleared  along 
the  pond  perimeter  inside  the  embankment  from  Station  5  +  00  to 
Station  160  +  00  (See  Photograph  No.  2).  Numerous  navigation 
fingers  extended  into  the  pond  area  to  the  various  duck  blinds 
located  within  the  pond. 
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No  significant  erosion  or  other  unusual  movement  of  the 
embankment  was  noted.  No  animal  burrows  were  observed. 

The  construction  material  for  the  embankment  was  obtained 
from  the  excavation  of  the  adjacent  levee  system.  The  levee 
is  continuous  around  the  embankment  except  from  Station  170  to 
Station  195.  The  levee  system  provides  for  upland  drainage  and 
for  carrying  discharges  from  Pond  2  and  Pond  3.  The  levee  height, 
above  the  dam  embankment,  varies  from  a  maximum  of  4  ft  along  the 
western  boundary  to  equal  elevation  with  the  dam  embankment  along 
the  east  and  north  boundary.  The  levee  embankment  was  densely 
covered  with  brush  and  trees.  Intermediate  openings  through  the 
levee  embankment  to  the  adjacent  drainage  ditch  was  noted  at  each 
of  the  spillway  pipes  (See  Photograph  No.  9).  Additional  openings 
through  the  levee  embankment  were  observed  at  about  500  ft  spacing. 

Shallow  auger  probes  into  the  crest  of  the  embankment  indi¬ 
cate  the  dam  to  be  constructed  of  a  dark  gray  silty  clay  (CL) . 

C.  Appurtenant  Structures: 

C.l  Principal  Spillway: 

The  principal  spillway  system  for  this  dam  includes  two 
24  in.  and  one  56  in.  CMP  with  slide  gate  controls.  All  gates 
appeared  to  be  in  good  working  condition  and  well  maintained. 

These  gates  along  with  the  36  in.  inlet  gate  are  used  annually 
for  raising  and  lowering  the  lake  level.  The  lake  is  filled 
prior  to  duck  hunting  season  and  lowered  shortly  after  the 
season  closes.  The  inlets  to  the  spillway  structures  were 
clear. 


C .  I _ emergency  Sp  illway : 

There  is  no  emergency  spillway  associated  with  this  dam. 
I).  Reservoir: 


The  reservoir  area,  which  is  contained  entirely  within 
the  embankment  area,  is  a  flat  wooded  surface  with  some  agri¬ 
cultural  terrain.  The  seeded  areas  provide  a  source  of  food 
for  the  ducks.  No  excessive  erosion,  slides,  or  wave  wash  was 
observed.  Siltation  of  the  reservoir  appeared  to  be  minor. 

L.  Downstream  Channel: 


The  downstream  channels,  consisting  of  the  refuge  levee 
system,  were  well  maintained  and  in  relatively  good  condition. 
Beyond  the  levee,  the  channel  is  barely  discernible  in  the 
broad  flat  valley. 


11 


3.2  EVALUATION: 


The  maintenance  of  the  levee,  embankment,  and  the  dis¬ 
charge  structures  appears  to  be  adequate  except  for  the  dense 
tree  and  brush  growth.  Due  to  the  low  height  of  the  embank¬ 
ment,  the  broad  floodplain  below  the  dam,  and  the  relatively 
short  time  duration  of  water  storage,  none  of  the  conditions 
observed  are  significant  enough  to  indicate  a  need  for  immed¬ 
iate  action.  If  left  uncontrolled,  the  dense  growth  of  trees 
and  brush  on  the  downstream  slope  could  lead  to  the  develop¬ 
ment  of  potential  problems. 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES: 

The  drainage  area  of  the  lake  is  entirely  enclosed  within 
the  embankment.  The  pool  level  is  usually  maintained  at  normal 
pool  only  during  the  duck  hunting  season.  No  permanent  water 
storage  is  maintained  during  the  rest  of  the  year.  Normal  rain¬ 
fall,  evaporation,  and  the  control  structures  are  utilized  to 
provide  the  desired  pool  elevation.  The  water  for  filling  the 
pond  prior  to  the  duck  hunting  season  is  diverted  from  Pond  1 
through  the  36  in.  inlet  pipe  between  Pond  1  and  Pond  2.  No 
information  was  available  as  to  how  long  the  gate  from  Pond  1 
must  be  open  to  allow  Pond  2  to  reach  its  desired  water  level. 

4.2  MAINTENANCE  OF  DAM: 

The  crest  of  the  dam  and  the  slopes,  except  for  the  dense 
tree  growth,  are  well  maintained.  No  riprap  was  used  along 
the  shoreline,  although  erosion  of  the  slope  does  not  appear 
to  be  a  problem. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES: 

All  hydraulic  structures  are  well  maintained  and  appear 
to  be  in  good  operating  condition. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT: 

The  inspection  team  is  unaware  of  any  existing  warning 
system  for  this  dam. 

4.5  EVALUATION: 


The 

adequate 


operational  and  maintenance 
for  the  dam  and  appurtenant 


schedules  appear  to  be 
structures. 
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SECTION  5  -  1IYDRAUL I  C  / 1 IYDROI.OG I  C 


5.1  EVALUATION  OF  FEATURES: 


A.  Design  Data: 

No  hydrologic  or  hydraulic  design  computations  for  this 
dam  were  available. 

B.  Experience  Data: 

No  recorded  rainfall,  discharge,  or  reservoir  stage  data 
were  available  for  this  lake.  Mr.  Shaffer  indicated  the  dam 
has  never  been  overtopped.  The  maximum  water  level  within  the 
lake  was  not  available.  Our  hydrologic  and  hydraulic  analyses 
using  U.  S.  Army  Corps  of  Engineers  guidelines  appear  in  Appen 
d  i  x  C . 

C.  Visual  Observations : 

The  only  source  of  inflow,  other  than  the  direct  rainfall 
into  the  lake  is  through  the  gated  inlet  pipe  from  Pond  1.  Th 
gate  is  used  only  prior  to  duck  hunting  season  to  fill  Pond  2. 
The  two  24  in.  and  one  36  in.  outlet  pipe  gated  structures  are 
normally  open  except  for  the  time  Pond  2  is  being  filled  and 
during  duck  hunting  season.  The  lake  area  is  maintained  as  a 
green  belt  by  the  Conservation  Department. 

1).  Overtopping  Potential : 

The  hydraulic  and  hydrologic  analyses  (using  the  U.  S. 
Army  Corps  of  Engineers  guidelines  and  the  HEC-1  computer 
program)  were  based  on:  (1)  a  field  survey  of  the  discharge 
structure  dimensions  and  embankment  elevations;  and  (2)  re¬ 
servoir  storage  and  the  pool  and  drainage  areas  from  the 
Missouri  Conservation  Commission  plans. 

Based  on  the  hydrologic  and  hydraulic  analysis  presented 
in  Appendix  C,  overtopping  of  the  dam  will  occur  for  discharge 
in  excess  of  40  percent  of  the  Probable  Maximum  Flood  (PMF) . 
The  Probable  Maximum  Flood  is  defined  as  the  flood  discharge 
that  may  be  expected  from  the  most  severe  combination  of  criti 
cal  meteorologic  and  hydrologic  conditions  that  are  reasonably 
possible  in  the  region.  The  recommended  guidelines  from  the 
Department  of  the  Army,  Office  of  the  Chief  of  Engineers,  re¬ 
quire  that  this  structure  (intermediate  size  with  significant 


downstream  hazard  potential)  pass  or  store  50  percent  to  100 
percent  of  the  PMF,  without  overtopping.  Considering  the 
dam's  small  size,  the  low  storage  capacity,  and  the  short  dur¬ 
ation  of  permanent  water  impoundment,  50  percent  of  the  PMF 
has  been  determined  to  be  the  appropriate  design  flood.  The 
routing  study  indicates  that  a  1  percent  probability  flood  will 
be  totally  stored  in  the  reservoir  without  overtopping  the  dam. 

Application  of  the  probable  maximum  precipitation  (PMP), 
resulted  in  a  flood  hydrograph  peak  inflow  of  20,440  cfs.  Tor 
50  percent  of  the  PMP,  the  peak  inflow  was  10,220  cfs. 

The  routing  of  the  PMF,  assuming  that  the  gates  will  be 
fully  opened  indicates  that  the  dam  will  he  overtopped  by  0.7 
ft  at  elevation  343.1.  The  duration  of  the  overtopping  will 
be  9.7  hours,  and  the  maximum  outflow  will  be  9,780  cfs.  The 
routing  of  50  percent  of  the  PMF  indicates  that  the  dam  will 
be  overtopped  by  0.2  ft  at  elevation  342.6.  The  maximum  out¬ 
flow  will  be  250  cfs,  and  the  duration  of  overtopping  will  be 
6.8  hours.  Overtopping  of  the  embankment,  due  to  the  routing 
of  50  percent  of  the  PMF,  will  be  along  the  western  boundary 
of  the  pond.  Flows  will  then  be  diverted  to  the  drainage  ditch 
beyond  the  levee  embankment  through  the  intermittent  levee 
embankment  openings.  Overtopping  of  the  embankment  by  0.2  ft 
is  not  expected  to  cause  serious  damage  to  the  embankment. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY; 

A.  Visual  Observations: 

Observed  features  which  could  adversely  affect  the 
structural  stability  of  this  dam  are  discussed  in  Sections 
3 . IB  and  3.2. 

B.  Design  and  Construction  Data: 

No  design  and  construction  data  for  Pond  2  were  avail¬ 
able.  Seepage  and  stability  analyses  comparable  to  the  re¬ 
quirements  of  the  guidelines  were  not  available,  which 
constitutes  a  deficiency  which  should  be  rectified. 

C.  Operating  Records: 

No  operating  records  have  been  obtained. 

D.  Post- Construction  Changes: 

No  post-construction  changes  to  the  dam  have  been 
reported. 

E.  Seismic  Stability: 

The  structure  is  located  in  seismic  zone  3.  Since  the 
dam  is  located  in  seismic  zone  3,  it  is  possible  that  an 
earthquake  could  occur  of  sufficient  intensity  to  cause 
severe  damage  or  failure  of  the  embankment. 
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7.1  DAM  ASSESSMENT  : 

This  Phase  I  inspection  and  evaluation  should  not  be 
considered  as  being  comprehensive  since  the  scope  of  work 
contracted  for  is  far  less  detailed  than  would  be  required 
for  an  in-depth  evaluation  of  dams.  Latent  deficiencies, 
which  might  be  detected  by  a  totally  comprehensive  inves¬ 
tigation,  could  exist. 

A.  Safety: 

The  embankment  is  generally  in  good  condition.  The  dense 
tree  and  brush  growth  on  the  upstream  and  downstream  is  a  de¬ 
ficiency  which  should  be  corrected  and  controlled. 

Another  deficiency  was  the  lack  of  seepage  and  stability 
analyses  records. 

The  dam  will  be  overtopped  by  flows  in  excess  of  40  per¬ 
cent  of  the  Probable  Maximum  Flood. 

B.  Adequacy  of  Information: 

The  conclusions  in  this  report  were  based  on  review  of  the 
information  listed  in  Section  2.1,  the  performance  history  as 
related  by  others,  and  visual  observation  of  external  conditions. 
The  inspection  team  considers  that  these  data  are  sufficient  to 
support  the  conclusions  herein.  Seepage  and  stability  analyses 
comparable  to  the  "Recommended  Guidelines  for  Safety  Inspection 
of  Dams"  were  not  available,  which  is  considered  a  deficiency. 

C.  Urgency : 

The  remedial  measures  recommended  in  paragraph  7.2’ should  be 
considered  by  the  owner.  If  the  deficiencies  listed  in  paragraph 
A  are  not  corrected,  and  if  good  maintenance  is  not  provided,  the 
embankment  condition  will  deteriorate  and  possibly  could  become 
serious  in  the  future.  Based  upon  the  small  height  of  the  dam, 
the  broad  floodplain,  and  the  lack  of  permanent  water  impoundment, 
except  during  September  to  December,  the  deficiencies  are  not  as 
serious  to  the  safety  of  this  dam  as  would  normally  be  expected 
of  an  intermediate  size  dam. 
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1)  Nc ccssitv  for  Additional  Inspection  : 

Based  on  the  result  of  the  Phase  1  inspection,  no  Phase 
II  inspection  is  recommended. 

1- .  Seismic  Stability: 

The  structure  is  located  in  seismic  zone  3.  Since 
this  dam  is  located  in  seismic  zone  3,  it  is  possible  that 
an  earthquake  could  occur  of  sufficient  intensity  to  cause 
severe  damage  or  failure  of  the  embankment. 

7.2  REMEDIAL  MEASURES : 

The  following  remedial  measures  and  maintenance  proced¬ 
ures  are  recommended.  All  remedial  measures  should  be  per¬ 
formed  under  the  guidance  of  a  professional  engineer  exper¬ 
ienced  in  the  design  and  construction  of  dams. 

A.  Alternatives: 

(1)  Spillway  size  and/or  height  of  dam  could  be 
increased  to  pass  SO  percent  of  the  PMF.  In 
either  case,  the  spillway  should  be  protected 
to  prevent  erosion. 

B.  0f;  M  Procedures: 

(1)  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  recommended  guidelines  should 
be  performed  by  an  engineer  experienced  in  the 
construction  of  dams. 

(2)  A  detailed  inspection  of  the  dam  should  be  made 
periodically  by  an  engineer  experienced  in  the 
design  and  construction  of  dams. 

(3)  Brush  and  tree  growth  should  be  removed  from 
the  embankment.  This  should  be  done  under  the 
guidance  of  a  professional  engineer  experienced 
in  the  design  and  construction  of  dams.  Indis¬ 
criminate  clearing  methods  could  jeopardize  the 
safety  of  the  dam. 

(4)  The  spillway  gate  valves  should  be  inspected  and 
maintained  periodically. 

(5)  Operational  procedures  should  be  written  to  in¬ 
clude  provisions  for  personnel  to  be  available 
to  open  the  spillway  gate  valves  during  periods 
of  anticipated  high  water. 
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HYDROLOGIC  AND  HYDRAULIC  ANALYSIS 

To  determine  the  overtopping  potential,  flood  routings  were  performed 
by  applying  the  Probable  Maximum  Precipitation  (PMP)  to  a  synthetic  unit 
hydrograph  to  develop  the  inflow  hydrograph.  The  inflow  hydrograph  was 
then  routed  through  the  reservoir  and  spillway.  The  overtopping  analysis 
was  accomplished  using  the  systemized  computer  program  HEC-1  (Dam  Safety 
Version),  July  1978,  prepared  by  the  Hydrologic  Engineering  Center,  U.S. 
Army  Corps  of  Engineers,  Davis,  California. 

The  PMP  was  determined  from  regional  charts  prepared  by  the  National 
Weather  Service  in  "Hydrometeorological  Report  No.  33."  Reduction  factors 
were  not  applied.  The  rainfall  distribution  for  the  48-hour  PMP  storm 
duration  was  assumed  according  to  the  procedures  outlined  in  EM  1110-2-1411 
(SPD  Determination).  This  results  in  a  PMP  value  of  27.2  in.  (24  hrs 
duration)  for  200  sq  miles  and  102,  120,  130,  140  percent  of  PMP  for  6, 

12,  24,  48  hrs  duration  respectively.  The  total  48-hour  PMP  for  the 
Duck  Creek  State  Wildlife  Refuge-Pond  2  drainage  area  results  in  38.1 
in.  The  drainage  area  is  enclosed  within  a  levee  system.  All  rainfall 
was  assumed  to  go  into  storage  within  the  banks  of  the  levee  with  no 
losses.  Consequently,  the  storage  within  the  reservoir  will  increase 
equal  to  tlie  depth  of  the  rainfall  until  overtopping  occurs. 

The  synthetic  unit  hydrograph  for  the  watershed  was  developed  for  a 
10  minute  rainfall  (i)  duration  for  a  drainage  area  (A)  of  712  acres. 
Considering  that  all  the  rainfall  goes  into  storage: 

Q  =  i  .  A 

i  =  1  in./lO  min.  =  6  in. /hr  =  0.5  ft/hr  =  0.5  ft/3600  sec. 

A  =  712  acres  =  712  (43,560)  it2 

Q  =  i.A  =  (0.5  ft/3600  sec) (712) (43 , 560)  ft2  =  4,307.6  cfs 

Q  =  4,307.6  cfs  =  totaL  discharge  produced  for  1  in.  of  rainfall 
over  the  area. 

For  (i)  inches  of  rainfall: 

Q  =  i,  in.  x  4,307.6  cfs 

Consequently,  the  temporaL  distribution  of  inflow  to  the  reservoir  was 
developed  by  simply  multiplying  the  rainfall  in  inches  by  4,307.6  to 
obtain  the  inflow  in  cfs. 
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The  reservoir  routing  was  accomplished  by  using  the  Modified  Puls 
Method  assuming  the  starting  lake  elevation  at  maintained  normal  pool 
(341.5).  No  antecedent  storm  was  routed  in  order  to  determine  the 
starting  elevation.  Outflow  from  the  reservoir  is  possible  through  two 
24  in.,  and  one  36  in.  corrugated  metal  pipes  (CMP)  controlled  by  gates. 
The  invert  elevations  for  these  three  pipes  are  below  the  maintained 
normal  pool  elevation.  The  reservoir  routing  was  analyzed  assuming  that 
these  gates  will  be  fully  open  at  the  beginning  of  the  routing.  The 
results  (see  Sheet  8,  Appendix  C)  indicated  that  overtopping  will  occur 
for  discharges  in  excess  of  40  percent  of  the  PMF.  For  this  study,  the 
hydraulic  capacity  of  the  pipe  system  and  the  storage  capacity  of  the 
reservoir  were  defined  by  the  elevation-surface  area-storage-discharge 
relationships  shown  in  Table  1  (Sheet  4,  Appendix  C) . 

The  reservoir  routing  was  also  studied,  for  comparison,  assuming 
that  the  three  gates  will  remain  closed  during  the  routing.  The  results 
(see  Sheet  11  of  Appendix  C)  indicated  that  in  this  case  the  overtopping 
will  occur  for  discharges  in  excess  of  25  percent  of  the  PMF. 

The  rating  curve  for  the  pipes  (see  Table  2,  Sheet  5,  Appendix  C) 
was  determined  assuming  entrance  and  outlet  control,  using  charts  for 
corrugated  metal  pipes  from  the  U.  S.  Bureau  of  Public  Roads. 

The  flow  over  the  crest  of  the  dam  during  overtopping  was  determined 
using  the  non-level  dam  option  ($L  and  $V  cards)  of  the  HEC-1  program. 

The  program  assumes  critical  flow  over  a  broad-crested  weir.  The  lowest 
elevation  of  the  crest  of  the  dam,  obtained  from  survey  measurements, 
was  assumed  as  top  of  dam  elevation. 

A  summary  of  the  routing  analysis  for  different  ratios  of  the  PMF, 
assuming  the  gates  fully  open,  is  shown  in  Table  3  (Sheet  6,  Appendix 
C).  The  routing  study  indicates  that  the  1  percent  probability  flood 
(7.5  in.)  will  be  totally  stored  in  the  reservoir  without  causing  over¬ 
topping  of  the  dam. 

The  computer  input  data,  a  summary  of  the  output  data,  and  a  plot 
of  the  inflow-outflow  hydrograph  for  the  PMF,  are  presented  on  Sheets  7 
to  11  of  Appendix  C. 
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TABLE  1 


ELEVATION,  SURFACE  AREA,  STORAGE  AND  DISCHARGE  RELATIONSHIPS 


Elevation 
(ft,  MSL) 

La  ke 

Surface 

Area  (acres) 

Lake  Storage 
(acre-f  t) 

Spillway 
Discharge  (c 

336.2 

0 

0 

- 

339.5 

27 

- 

- 

340.0 

111 

35 

- 

340.5 

278 

132 

- 

341.0 

544 

337 

- 

*341.5 

709 

650 

Ill 

342.0 

711 

1,005 

118 

**342.4 

712 

1,290 

124 

34  3.0 

714 

1,717 

131 

343.5 

718 

2,075 

136 

*Maintained  normal  pool  elevation 
**Top  of  dam  elevation  (lowest  point) 

The  above  relationships  were  developed  using  data  from  the  Missouri 
Conservation  Commission  Plans  and  the  field  measurements. 
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TABLE  2 


DISCHARGE  STRUCTURES  RATING  CU RV E 

Reservoir  24  in.  CMP  24  in.  CMP  36  in.  CMP  Total 


Elevation  Sta.  12-1-20  Sta.  66+00  Sta.  213+38  Discharge 


(MSL) 

(cfs) 

(cfs) 

(cfs) 

_ Jets), _ 

*341.5 

22 

33 

56 

111 

342.0 

24 

34 

60 

118 

**342.4 

25 

35 

64 

124 

342.5 

26 

35 

64 

125 

343.0 

28 

36 

67 

131 

343.5 

29 

37 

70 

136 

344.0 

30 

39 

73 

142 

344.5 

32 

40 

76 

148 

*Maintained  normal  pool 
**Top  of  dam  elevation 


Method  Used:  Assuming  out  Let  control  for  the  two  24  in.  CMP,  and  entrance 
control  for  tl\e  36  in.  CMP,  using  charts  for  corrugated  metal  pipes  (n  = 
0.024)  from  the  [j.  S.  Bureau  of  Public  Roads. 
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TABLE  3 


RESULTS  OF  FLOOD  ROUTINGS 


(assuming  gates  fully  open) 


Rat  io 
of 

PMF 

Peak 

Inflow 

(cfs) 

Peak  Lake 

Elevat ion 
(ft,  MSL) 

Total 
Storage 
(acre-f  t) 

Peak 

Outflow 

(cfs) 

Depth 

(ft) 

Over  Top 
of  Dam 

0.10 

2,044 

*341.5 

650 

111 

0 

0.20 

4,087 

341.6 

738 

113 

0 

0.25 

5,109 

341.8 

860 

115 

0 

0 . 30 

6,131 

342.0 

982 

118 

0 

0.35 

7,153 

342.1 

1,104 

120 

0 

0.40 

8,174 

342.3 

1,225 

122 

0 

0.50 

10,220 

342.6 

1,431 

250 

0.2 

0.75 

15,327 

342.9 

1,608 

1,907 

0.5 

1 . 00 

20,440 

343.1 

1,795 

9,780 

0.7 

The  percentage  of  the  PMF  that  will  reach  the  top  of  the  dam  is  about  40  percent. 

-'Maintained  normal  pool  elevation 
Top  of  darn  elevation  =  342.4 
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OVERTOPPING  ANALYSIS  FDR  DUCK  CREEK  STATE  REFUGE  POND-2  DAM  (  #  29 
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Description 

Aerial  View  (Looking  South)  Note  Pond 
1  to  right  side  of  Photo 

Embankment  and  Lake  (Looking  South 
at  Station  25  +  00)  Note  navigation 
channel 

Embankment  and  Lake  (Looking  Northeast 
at  Station  65  +  00)  Note  navigation 
channel 

Crest  of  Embankment  (Looking  North 
at  Station  125  +  00)  Note  dense  tree 
and  brush  growth 

Crest  of  Embankment  (Looking  North 
at  Station  172  +  00) 

Embankment  and  Lake  (Looking  Northeast 
at  Station  223  +  00)  Drainage  ditch  is 
beyond  dense  tree  and  brush  growth 

Inlet  Pipe  from  Pond  1  (Looking  South) 

Inlet  Structure  at  Pond  1  (Looking 
South) 

Outlet  Pipe  into  Levee  at  Station 
12  +  20  (Looking  West)  Note  discon¬ 
tinuity  of  levee  between  embankment 
and  drainage  ditch 

Inlet  Structure  and  Gate  at  Station 
12  +  20  (Looking  East) 

Gate  Valve  at  Station  66  +  00 
(Looking  Southeast) 

Inlet  Structure  and  Gate  at  Station 
170  +  00  (Looking  West) 

Lake  Area  from  Station  170  +  00 
(Looking  West  toward  Pond  1) 

Bridge  over  Levee  at  Station  0+00 
(Looking  West  toward  Pond  1) 
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